Introduction
============

The outcome of invasive fungal diseases (IFDs), particularly invasive pulmonary aspergillosis (IPA) in acute leukemia (AL) patients, has improved over the last years. However, IFD remains a major clinical issue in patients with hematological malignancies (HMs), both regarding the severity and toxicity of antifungal treatments as well as the potential drug interactions. Indeed, many studies have reported a negative prognostic impact of IFDs, particularly IPA, in AL patients^[@R1]--[@R3]^ and allogeneic stem cell transplantation (alloSCT) recipents.^[@R4]^ Heavy immunosuppression, potentially affecting the response of IFD, and the need for prolonged antifungal (AF) treatment, which could delay the correct chemotherapeutic delivery timing, are the main reasons for a dismal prognosis of this subset of patients. Moreover, the advent of new drugs, immunological and targeted therapies with small-molecule kinase inhibitors, has contributed to redefine the epidemiological scenario in HM patients, configuring new categories at risk for IFDs, such as lymphoproliferative disorders undergoing treatment with Bruton tyrosine-kinase (BTK) inhibitors.^[@R5]^

In the last decades, new antifungal drugs have been commercialized, allowing easier management of IFD treatment, with an improved outcome, at least in the non-alloSCT setting;^[@R6]^ however, potential toxicity and drug-drug interaction problems can lead to AF treatment discontinuation and can negatively impact the final outcome.^[@R7]^ Isavuconazole (ISV) is a new antifungal agent with a modest drug-drug interaction profile, reduced drug-related adverse events and efficacy similar to voriconazole, as demonstrated in a non-inferiority trial of IFD treatment.^[@R8]^ ISV demonstrated efficacy also against rare fungi and in patients with impaired renal function.^[@R9]^ Due to the broad spectrum of action and its favorable interaction profile, ISV has been proposed as a very promising AF drug and international guidelines highly recommend its use in HM patients with IPA.^[@R10],[@R11]^ However, the experience evaluating the potential benefits of ISV in the real-life setting is still limited.^[@R12]--[@R14]^

The aim of this retrospective study was to describe the use of ISV as treatment for IFD in current clinical practice in hematology to define the setting of patients where ISV is employed, to investigate the timing of ISV use during IFD treatment, and to evaluate ISV tolerability and its impact on the clinical outcome.

Patients and methods
====================

The present observational retrospective study was conducted from July 1, 2016 to November 30, 2018 at 17 hematology units of tertiary care centers or university hospitals located throughout Italy and participating in SEIFEM (Sorveglianza Epidemiologica InFezioni nelle EMopatie). All adult patients with associated HMs who received ISV as AF treatment were included in the registry and followed up. ISV was administered with a loading dose of 200 mg IV/po X 6 doses (48 hours) and then a maintenance dose of 200 mg IV/po once daily.

The data were entered into case report forms. The impact of the age, gender, neutropenia/lymphopenia, type and status of hematological disease (diagnosis \[Dx\], complete and partial remission \[CR/PR\], relapse/refractory \[r/r\]), phase of hematological treatment at IFD (induction, consolidation, salvage/best supportive care \[BSC\] and alloSCT), type of IFD, previous mould-active prophylaxis and timing of ISV treatment was evaluated.

The Ethics Committee of each participating site approved the use of the SEIFEM registry.

Definitions
-----------

IFD was diagnosed according to EORTC/MSG criteria and categorized as possible, probable, and proven.^[@R15]^

The response to treatment (success vs failure) was defined using clinical and radiological criteria. Assessment of the state of IFI and clinical outcome was based on the investigator\'s evaluation. The response was assessed after 4 weeks of treatment and after 8 and 12 weeks when available. The state of IFI was recorded at the last (12 week) assessment as follows:--Complete response: resolution of all clinical signs and symptoms of IFD--Partial response: improvement of clinical signs and symptoms of IFD and/or a major improvement in the radiographic findings--Stable response: no changes in the clinical and radiographic findings of IFD--Progressive or refractory disease: deterioration of the clinical or radiographic findings of IFD^[@R16]^

A "success" was defined as complete or partial resolution of all attributable clinical symptoms/physical findings associated with at least a stable radiological finding. Death before 4 weeks of treatment was defined as failure.

Statistical analysis
--------------------

Univariate analysis was performed using χ^2^ test. Variables found to be significant (p \< 0.1) in univariate analysis were tested in multivariate analysis, which was performed using a stepwise logistic regression model. Values of p \< 0.05 were considered statistically significant. Survival was evaluated using the Kaplan--Meier method and was compared using log-rank tests. p values below 0.05 were considered statistically significant. Analyses were carried out using the SPSS statistical package version 22.

Results
=======

Characteristics of patients and epidemiology of IFD
---------------------------------------------------

One hundred twenty-eight patients were enrolled. Epidemiologic, response and outcome data were fully available for 122 patients. The median age was 57.5 years (range: 19--80 years) and the M/F ratio was 72/50; Table [1](#T1){ref-type="table"} summarizes their characteristics. IFD was possible in 51 (42%), probable in 59 (48%) and proven in 12 (10%) cases. *Aspergillus* spp. was considered responsible for 66 (93%) of probable/proven IFI; in the remaining 5 cases, 1 *Rhizomucor* and 1 *Fusarium* spp. were isolated and no specific agent was identified microbiologically in 3 histologically proven mould infections.

###### 

Characteristics of the 122 evaluable patients
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Timing of ISV employment
------------------------

ISV was employed as 1st line therapy in 43 (35%) and as subsequent-line therapy in 79 (65%) patients. The median duration of previous treatments was 18 days (range: 8--111 d). ISV was chosen as the 1st line treatment for its large spectrum of action in 8/43 (19%) cases and for its safety and/or favourable drug-drug interaction profile in 35/43 (81%). The reasons for ISV use as 2nd line treatment include previous AF treatment failure in 40 (51%) and intolerance in 19 (24%) of 79 cases. In 16 cases (20%), ISV was chosen because of the need to switch to an oral antifungal agent and in 4 (5%) for a favorable drug-drug interaction profile.

Response rate
-------------

The clinical and radiological response rate (RR) was 67.2% (82/122 patients); the radiological response was complete in 42 (51%), partial in 38 (47%) and stable in 2 (2%) cases (Fig. [1](#F1){ref-type="fig"}). The RR was similar when using ISV as the 2nd or subsequent line compared with ISV as the 1st line (56/79, 70.9% vs 26/43, 60.5%; p = 0.24). When considering only patients treated with ISV as the 2nd line of treatment, the RR was higher in patients refractory to previous antifungal treatment IFD than those without IFD refractoriness (31/38, 81.6% vs 25/42, 59.6%, p = 0.03). Patients with refractory IFD had a similar probability of response when previous treatment was voriconazole or L-AmB, alone or in combination with other antifungals (RR, respectively: 12/17, 70.6% vs 14/26, 53.8%; p = 0.27). Female sex was associated with a better RR (40/50, 80% vs 42/72, 58.3%; p = 0.012). Considering the phase of hematological treatment, the RR was 23/27 (85.2%), during induction, 16/19 (84.2%) during consolidation, 19/35 (52.3%) during salvage/best supportive care (BSC) and 24/41 (58.5%) in alloSCT patients. Differences within the subgroups were statistically significant comparing induction vs salvage/BSC (p = 0.034), consolidation vs salvage/BSC (p = 0.049) and consolidation vs alloSCT (p = 0.049).

![**Flow chart assessing the ISV response rate of the study population.**](hs9-3-e320-g002){#F1}

The response to ISV was higher in possible and probable IFD (35/51, 68.6%, and 42/59, 71.2%, respectively) than in proven IFD (5/12, 41.7%). ISV showed better activity in pulmonary IFD than in extra-pulmonary IFD (73/103, 70.9% vs 9/19, 47.4%; p = 0.045); in detail, 7 of 12 mycotic sinusitis cases showed a response to ISV. Moreover, none of the non-aspergillosis cases (1 *Fusarium* spp. fungaemia and 1 *Rhizomucor* spp. pulmonary infection) responded to ISV. No impact on the RR was observed for age, neutropenia, type of hematological disease, IFD type, and prior mold-active prophylaxis.

In multivariate analysis, both female sex (OR: 2.992; CI: 1.22--7.34) and ISV use during the induction phase of treatment (OR: 3.953; CI: 1.085--14.403) were predictive of a favorable ISV response. Table [2](#T2){ref-type="table"} summarizes univariate and multivariate analyses for the ISV overall response.

###### 

Univariate and multivariate analyses for the ISV response and overall survival
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Overall survival
----------------

After a median follow-up of 5 months (range 0.5--45), 43/122 patients died (35.2%). The attributable mortality was 7/122 (5.7%). The estimated 1-year overall survival (OS) of the entire population was 49.9%. As observed for the RR, the phase of hematological treatment impacted the overall survival (OS): the 1-year OS rates were 55.1%, 82.9%, 25.3% and 44.2% in patients undergoing induction, consolidation, salvage/BSC and alloSCT, respectively. Differences within the subgroups were statistically significant comparing induction vs salvage/BSC (p = 0.025), consolidation vs salvage/BSC (p = 0.0029) and consolidation vs alloSCT (p = 0.046) (Fig. [2](#F2){ref-type="fig"}). The ISV 1-y survival rates were 68% in ISV-responding and 14.1% in ISV non-responding patients (p \< 0.0001; Fig. [3](#F3){ref-type="fig"}). In patients receiving ISV as second-line antifungal therapy, having an IFD refractory to prior treatments negatively influenced survival (1-year OS: 36.7% for refractory IFI vs 65.4% for non-refractory IFI; p = 0.01).

![Overall survival according to the phase of treatment (The 1-year OS rates were 55.1%, 82.9%, 25.3%, and 44.2% using ISV during induction, consolidation, salvage/BSC and alloSCT, respectively).](hs9-3-e320-g004){#F2}

![Overall survival according to the ISV response (1-year OS: 68% for an ISV response vs 14.1% for no ISV response; p \< 0.0001).](hs9-3-e320-g005){#F3}

In multivariate analysis, only the response to ISV (OR: 0.103; CI: 0.041--0.262) and IFD refractoriness (OR: 3.413; CI: 1.318--8.838) retained independent prognostic value. Table [2](#T2){ref-type="table"} summarizes univariate and multivariate analyses for OS.

Toxicity
--------

Fifteen (12.3%) of the 122 patients experienced adverse events: 7 gastroenteric (nausea/vomiting), 5 hepatic (abnormal liver function tests), 3 cutaneous (skin rash) and 3 hypokalemia cases. Five patients (4%) receiving ISV as the 1st line of treatment discontinued the drug due to a ≥ grade 3 toxicity (3 abnormal liver function tests, 1 skin rash case, and 1 hypokalemia case). Only 2/41 (4.9%) patients undergoing alloSCT discontinued the drug, whereas none of those affected by acute lymphoblastic leukemia or lymphoma did.

Discussion
==========

Although in recent years new antifungal drugs have become available, the management of HM patients with IFD remains a major problem. Dose-limiting toxicities, drug-drug interactions and intravenous formulations are responsible for the difficult management of fungal infection, early discontinuation of AF treatment and delay of hematological treatment. ISV has been presented as an efficacious and easily manageable AF treatment due to its safety profile and optimal bioavailability, even with the oral formulation.^[@R17]^

Real-life data regarding the ISV effect in HM patients are scarce and mainly monocentric.^[@R12]--[@R14]^ Indeed, ISV has been reported as a well-tolerated AF treatment.^[@R18]^ An efficacy similar to SECURE study has been reported by Hassouna et al,^[@R14]^ who described a monocentric study on 91 patients affected by hematological malignancies (mainly AL) or undergoing solid organ transplant and received ISV as treatment or prophylaxis. The safety of ISV as AF prophylaxis in neutropenic acute myeloid leukemia patients has been assessed in a phase 2, dose escalation study,^[@R19]^ but the actual efficacy was not fully confirmed in a recent study carried on high immunosuppressed patients, with a rate of 8/98 breakthrough IFD.^[@R20]^ Other real-life experiences concerning breakthrough IFD after prophylactic ISV have been reported,^[@R21],[@R22]^ without evidence of a particular benefit, particularly during AL induction treatment where up to 13% of breakthrough IFD cases were reported.

In our real-life multicenter observational study, carried out only in the HM setting, almost half of the patients were affected by HM other than acute myeloid leukemia, confirming that ISV is widely used in many hematological diseases. ISV was well tolerated in most patients, including those undergoing alloSCT or affected by acute lymphoblastic leukemia and lymphoma receiving drugs with potential cross-interaction, such as immunosuppressants, vinca alkaloids and BTK inhibitors. Because ISV is a moderate inhibitor of CYP3A,^[@R23]^ interactions with other drugs that are substrates or inducers of CYP3A should be less pronounced. This aspect could be of particular interest in the management of patients with lymphoproliferative disorders who can now benefit from new drugs such as BTK inhibitors with known interaction with CYP450.

The RR of 67.2% is comparable to other antifungal treatments, as previously reported^[@R10]^ and is quite similar to the ORR of 62% observed at 84 days in the SECURE study.^[@R8]^ As expected, the phase of hematological treatment influenced the frequency of the response to ISV that was significantly lower in patients on salvage treatment/BSC or undergoing alloSCT. ISV response rates to ISV were similar during the induction and consolidation phase of treatment, confirming the improved outcome of patients affected by IFD during these disease phases.^[@R24]^ No difference of response for possible and proven/probable IFD were observed and this may be related to the more restrictive nature of the revised EORTC/MSG criteria in immunocompromised patients concerning the definition of "possible" IFD. Therefore possible IFD may be considered as a real infection in which the microbiological data could not be documented, probably due to the concomitant antifungal prophylaxis. ISV was less effective in subjects with extra-pulmonary IFD, as expected according to published observations,^[@R25]^ with the exception of fungal sinusitis, usually considered a favorable prognostic subgroup.^[@R26]^

The better response to ISV observed in female patients compared with male patients seems difficult to interpret and may be related to different distribution of clinical characteristics or disease subtype between the two sexes. Indeed, \>60 year-old patients were more frequent in male than female population (54% vs 33%, p = 0.0417) and a diagnosis of AL was less frequent in male than female population (63% vs 78%, p = 0.07). However, a recent study^[@R27]^ showed a lower ISV clearance in women, particularly in elderly patients. This may be responsible for a higher plasma level of ISV in women, possibly indicating a more pronounced exposure to the drugs and better efficacy. However, no clear correlation between the pharmacokinetics and response to treatment have been demonstrated in the context of the SECURE study, and no specific data correlating the ISV plasma levels with gender and response to treatment are available so far. Indeed, ISV therapeutic drug monitoring (TDM) is not routinely recommended.^[@R28]^ Unfortunately, the ISV plasma levels were not analyzed in our retrospective study.

Presently, no strong recommendations are available for refractory IFD treatment,^[@R10]^ although a switch to a different class of antifungal is often suggested.^[@R29]^ In our real-life study, refractoriness to other antifungal treatments did not compromise the possibility of a response to ISV, which was more than 50% in patients receiving ISV as the 2nd line after failure of previous AF treatment. Moreover, the response was similar in patients previously exposed to L-AmB or voriconazole, alone or in combination with other antifungals. However, because the efficacy of ISV in refractory IFD was tested in a limited population, further studies are warranted to confirm these data.

In conclusion, our real-life study confirms the safety and tolerability for the treatment of IFI with ISV in HM patients, including those with diseases other than acute leukemia. The response rates were at least comparable to those observed in other studies. The phase of hematological disease, gender and refractoriness to previous antifungal treatments are the main predictive factors of the response and outcome.
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